Amino acid sequences of the epsilon and alpha E globins of HbE, a minor early embryonic hemoglobin of the chicken by Chapman, Barbara S. et al.
THE JOURNAL OF BIOLOGICAL CHEMISTRY 
Vol. 257, No. 2, Issue of January 25. pp. 643-650. 1982 
Printed En U.S.A. 
Amino  Acid Sequences of the E and aE Globins of HbE, a Minor  Early 
Embryonic  Hemoglobin of the  Chicken* 
(Received for publication, April 24,  1981, and in revised form, September 9, 1981) 
Barbara  S.  Chapman$  and  Leroy E. Hood8 
From the  Division of Biology,  California  Institute of Technology, Pasadena, California 91 125 
Allan J. Tobin! 
From the Department of Biology,  University of California, Los Angeles,  California 90024 
We have determined amino acid sequences for the 
a-like and 8-like globin components of HbE, one of the 
two minor hemoglobins in early chick embryos. The 
complete primary  structure of the e chain differs at 18 
positions from the adult chicken f l  globin, but there are 
no changes in heme-binding residues, a& contact po- 
sitions, or allosteric regulatory sites. By amino acid 
sequence analysis, we have identified a new d i k e  glo- 
bin  that we have called ax. The aE globin chain differs 
from the major adult aA chain at 22 amino acid posi- 
tions. This paper discusses the structural  and  implied 
functional characteristics of these globins and presents 
hypotheses regarding the possible role of minor  embry- 
onic hemoglobins. 
Four hemoglobins,  two major  and two minor,  are produced 
by yolk  sac-derived erythroid cells of the  early chick embryo 
(Bruns and Ingram, 1973; Brown and Ingram, 1974). Our 
previous  analysis of the  primary  structures of globins compos- 
ing the  major  early embryonic  hemoglobins P and P’ suggests 
that  members of the a globin family are more divergent  from 
each  other  than  are  members of the f i  globin family in  do- 
mestic  chickens (Chapman  et al., 1980 and 1981). The  a-like 
T and T’ globins (from  Hbs P and P’) differ from each of the 
two adult chicken a-like globins in 43% of their  amino acid 
residues, whereas  the /3-like p globin differs from  the  adult p 
globin by only 13%.  We examined the possible functional 
significance of these  amino acid substitutions by  referring to 
the  three-dimensional hemoglobin structure of Ladner et al. 
(1977). We inferred that unusual substitutions in 7 and T’ 
globins may  account for the high oxygen affinity of the  early 
embryonic  hemoglobins as well as for their  small  Bohr effect. 
On the  other  hand,  none of the  substitutions  in  the p globin 
are likely to affect oxygen affinity or binding of ATP, which 
is the  primary  organophosphate  in  early embryonic red cells 
(Bartlett and Borgese, 1976). 
In  this  paper, we examine the  structure of HbE,  one of the 
minor  embryonic  hemoglobins. We report  here  the  complete 
amino acid sequence of the E globin, the ,&like chain of HbE, 
together with  a partial  sequence of the aE globin covering 81 
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of its 141 residues. The  partial aE globin sequence, surpris- 
ingly, reveals  a new chain, which differs  from the previously 
reported  adult aA chain by  multiple amino acid substitutions 
(Matsuda  et al., 1971; Paul  et  al., 1974). The aE globin amino 
acid residues not analyzed in these experiments have been 
determined from recombinant cDNA  sequences (Salser  et al., 
1979; Deacon et al., 1980; Richards  and Wells, 1980). As in the 
major  early embryonic  hemoglobins, we find that  the minor 
/I-like chains  are  not functionally  different  from the  adult p 
chains, but there are significant structural and functional 
differences  in the minor a-like chains. 
Since this is the first report of complete primary  structures 
for  minor early embryonic  hemoglobins, there  are a number 
of important  questions  to be addressed. These  questions re- 
gard the role of minor early embryonic  hemoglobins in chicken 
development  in particular  and in vertebrate  development in 
general. First, by analysis of these sequences in terms of 
published  hemoglobin crystal  structures, we  will try  to  predict 
the functional properties of the  native  early embryonic he- 
moglobin molecules. Second, we will discuss the controversial 
suggestion that  the aE globin also serves  as  the  major  adult 
a-like globin in  domestic chickens. Third, assuming that  the 
ax (embryonic) and aA (adult) globins are distinct, we will 
attempt to identify the time, conditions, and mechanism 
through which a globin switching might occur. Fourth, we  will 
consider the  importance of a chain switching during  embry- 
onic development and present additional evidence for the 
hypothesis  that  embryos  manage  major  shifts in hemoglobin 
oxygen affinity by a chain  substitution,  rather  than by changes 
in  allosteric effectors. Finally, we  will discuss  some rationales 
for the ubiquitous presence of minor hemoglobins in early 
vertebrate embryos. 
EXPERIMENTAL PROCEDURES AND RESULTS’ 
DISCUSSION 
Structures of the Globins of HbE Compared to Other 
Chicken Globin Chains-The complete sequence of the E 
chain of HbE shown  in Fig. 1 differs from  the  adult chicken 
p globin by 18 amino acid substitutions  (Table I). Two-thirds 
I Portions of this paper (including “Experimential Procedures,” 
“Results,” Figs. 1-9, and Table I)  are presented in miniprint at  the 
end of this paper. The abbreviations used are: CAM, carboxyamido- 
methylated  PTH, phenylthiohydantoin; HPLC, high pressure liquid 
chromatography; IHP, inositol hexaphosphate. Miniprint is easily 
read with the aid of a standard magnifying glass. Full size photocopies 
are available from the  Journal of Biological Chemistry, 9650 Rockville 
Pike, Bethesda, MD 20814. Request Document No. 81M-935, cite 
authors, and include a check or money order for $6.80 per set of 
photocopies. Full size photocopies are also included in the microfilm 
edition of the Journal that is available from Waverly Press. 
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644 Amino  Acid Sequences of HbE Globins 
are conservative with  respect  to p larity and charge.  Although 
there  are four  differences in predicted a lp l  contact  sites  (Lad- 
ner et al., 1977), three of which interact  with  changed residues 
in the aE chain, there are no changes  in Bohr effect or 
organophosphate binding site residues. For analysis of the E 
globin organophosphate binding site, we have considered  only 
positions 1, 2, 82, and 143, which are  the  mammalian  DPG 
contacts. Additional  positions 135 and 139, suggested by Ar- 
none and  Perutz (1974) as possible contacts  to inositol pen- 
taphosphate in adult chickens, are  not considered here be- 
cause inositol pentaphosphate  is  not  present in early  embry- 
onic chick red cells (Bartlett and Borgese, 1976). Like the 
major embryonic p globin, the E globin probably does not 
make a  significant contribution  to  the elevated oxygen affinity 
or reduced Bohr effect characteristic of the  early  embryonic 
hemoglobins. Structural  adaptation of the E chains  seems  to 
be confined to  the alpl contact residues,  which form a rigid 
int.erface with the d i k e  chains in hemoglobin dimers. In 
contrast,  the  a-like  chains of HbE differ from the  major  adult 
a globin by many nonconservative  changes,  several of which 
are in functionally important positions. 
We have  determined  an  amino acid  sequence for 81 residues 
of the aE globin chain.  These  data show a t  least 12 differences 
between aE chains  and  the a* chains of adult chickens (Mat- 
suda et al., 1971). The partial aE amino acid sequence is 
closely related  to  that  determined  from  recombinant cDNA 
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FIG. 1. The complete amino acid  sequence of the e chain,  the 
&like globin of HbE. --, automated  Edman degradation; +T+, 
tryptic peptides; R, arginine cleavage fragment; DE', aspartic acid- 
proline cleavage fragment. Overlapping peptides were not obtained 
for  residues 61  and 62 or  for 143 and 144. Positions of the various 
fragments  were  determined as described in  the text. 
"A 
TABLE I 
Comparison of amino  acid  substitutions  among  the  four  P-like 
polypeptides of the domestic  chicken 
The p globin sequence was obtained  from Chapman  et al. (1981), 
the pH sequence from Dolan et al. (1981), the /3 globin sequence  from 
Matsuda et al. (1973), and information on the three-dimensional 
structure from  Ladner et al. (1977) and Arnone and  Perutz (1974). 
4 
13 
14 
16 
21 
43 
44 
51 
55 
59 
69 
73 
83 
84 
85 
86 
87 
90 
94 
108 
116 
119 
120 
125 
128 
135 
139 
__ 
Helix 
A1 
A10 
A l l  
A13 
B3 
CD2 
CD3 
D2 
D6 
E3 
E13 
E17 
EF6 
EF7 
Fl 
F2 
F3 
F6 
FG 1 
G10 
G18 
GH2 
GH3 
H3 
H6 
H13 
H17 
-
E ___ 
Ser 
Ser 
Val 
Ser 
Glu 
Ala 
Ser 
Pro 
Met 
LYS 
Ser 
Glu 
Asn 
Thr 
Tyr 
Ala 
LYS 
Glu 
ASP 
ASP 
Ser 
Ala 
Arg 
Ala 
Phe 
Asn 
His -
P - 
Ser 
Ser 
Val 
Ser 
Glu 
ASP 
Asn 
Pro 
Ile 
LYS 
Ser 
Glu 
Asn 
Thr 
TYr 
Ala 
LYS 
Glu 
Glu 
Asn 
Ala 
Thr 
LYS 
Glu 
Ala 
Ser 
LYS 
Ala 
Ser 
Ala 
Ile 
Met 
Ser 
Glu 
LY s 
Ser 
Phe 
Ala 
GIn 
LYS 
ASP 
~ 
B 
Thr 
GlY 
Leu 
GlY 
Ala 
Ala 
Ser 
Pro 
Leu 
Met 
Thr 
ASP 
Asn 
Thr 
Phe 
Ser 
Gln 
Glu 
ASP 
ASP 
Ala 
Ser 
LYS 
Glu 
Ala 
Arg 
His 
~ 
~ 
Function  IInteracts with a 
a& contact 92 
alPl contact 119 
a$l contact 
alpl contact 
alpI contact 
a$, contact 
IHP"  contact 
IHP contact 
103 
117, 114, 110 
111 
34,  35 
a IHP, inositol hexaphosphate 
clones pHb1003 (Saker et al., 1979), pCGa-8  (Deacon et al., 
1980), and  pCGa-3  (Richards  and Wells, 1980). These clones 
were obtained from messenger RNA present in circulating 
blood cells of anemic chickens. Fig. 2  shows protein  sequence 
data for aE together with translations of nucleotide sequences 
for clones pHb1003, pCGa-8, and pCGa-3, and  the  sequence 
of the  major  adult a globin. The amino acid  sequences pre- 
dicted  by the  three cDNA clones are identical from  the NH2 
terminus to residue 91 and from residue 122 to  the COOH 
terminus. The  recombinant  DNA  sequences differ from each 
other at amino acid residues 92-94, 110, and 120-121. The 
amino acid sequence predicted by clone pCGa-3 (Richards 
and Wells, 1980) is identical  with our  protein sequence. 
The aE globin differs by 22 amino acid substitutions  from 
a* chains of adult HbA (Table 11). Fifty-nine per  cent of these 
changes are  not conservative, but  there is no  net difference in 
charge  between aA and aE chains. These globins appear  to be 
indistinguishable by standard electrophoretic or chromato- 
graphic methods. Although there  are  no differences between 
a' and a* among predicted  Bohr-effect or  heme-contact resi- 
dues, there  are six changes in alp1  contact residues. Three of 
these in aE chains (34, 110, and 111) interact  with  substituted 
residues in E chains. There is one change at  alp2 contact 
position 38 involving a Pro for Thr substitution. At this 
interesting position, there also are  amino acid replacements in 
the early embryonic d i k e  T and T' globins and in the aD 
globin (Takei et al., 1975). We have suggested that  substitu- 
tions in this position may  in  part  account for the  elevated 
oxygen affinity of early embryonic  hemoglobins (Chapman et 
al., 1980). An Ala to Val substitution at position a 63 has been 
implicated  in  elevating the intrinsic oxygen affinity of adult 
hemoglobin in the  barheaded goose (Oberthur  et al., 1980). 
The aE globin also has Val a t  position 63. Thus,  there  are at 
least two amino acid replacements in aE chains  relative  to a* 
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a' 
a '  
rim loo3 
rc6 a -3 
-8 
a' 
a A  
~m 1003 
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6 6  a-3 
a i  
a A  
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rC6 a -3 
a i  
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a' 
rC6 a -8 
rC6 a -3 
a A  
a i  
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a' 
a' 
Pm 1003 
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FIG. 2. Amino acid sequence of the aE globin chain. This 
shows amino acid residues of aE globin  determined  from  sequenator 
analyses, together with amino  acid sequences encoded by recombinant 
cDNA clones pHb1003 (Salser et al., 1979), pCGa-8 (Deacon et  al., 
1980), and  pCGa-3 (Richards and  Wells, 1980). The aA chain sequence 
of  Matsuda et  al. (1971) is shown  for  comparison.  Amino  acid  residues 
different from those in the uppermost line are indicated in the lines 
below. 
chains that might increase the intrinsic oxygen affinity of 
chicken hemoglobins containing the aE chain. We conclude 
that in the minor HbE, as in the major HbP and HbP', the 
a-like chains are primarily responsible  for the high intrinsic 
oxygen affinity of the early embryonic hemoglobins. 
Is the aE Chain Also the Major Adult d i k e  Chain?- 
Recently, there  has been some speculation that aE globin  may 
be the major adult chicken a-like globin (Dodgson et al., 
1981). This idea is supported by a number of findings. First, 
all fully analyzed adult chicken  cDNA  clones have been of the 
aE globin-type (Salser et al., 1979; Deacon et al., 1980; Rich- 
ards and Wells, 1980; Dodgson et al., 1981). Second, amino 
acid sequences of major adult a-like globins from the bar- 
headed goose, the ostrich, and one analysis from the greylag 
goose are of the aE globin type (Table 111). Third, only  one 
major a-like gene has been characterized in chicken chromo- 
somal DNA, and it appears to encode the aE globin (Dodgson 
et al., 1981). On the  other  hand,  it seems to us unlikely that 
the amino acid sequence prepared by Matsuda et al. (1971) 
and confirmed in part by NH2-terminal sequenator analysis 
(Paul et al., 1974), could contain so many serious errors. Table 
I11 shows that there is a discrepancy of similar magnitude 
between  two amino acid sequences for the major d i k e  globin 
of the greylag  goose. The aE and aA globin sequences cannot 
represent allelic variants because there  are too many differ- 
ences and because genetic data from mitochondrial DNA 
analysis show that domestic chickens form a recently derived, 
homogeneous group (Glaus et al., 1980). In addition, we note 
a preliminary report describing major adult a globin  cDNA 
TABLE I1 
Amino acid substitutions  in the early embryonic aE chain 
compared with the adult d chain  residues 
The aA sequence was obtained from  Matsuda et  al. (1971) and the 
Position Helix a' aA Function '~~~~~ 
three-dimensional locations from  Ladner et al. (1977). 
4 
34 
35 
36 
38 
63 
64 
66 
67 
68 
70 
71 
73 
77 
79 
109 
110 
111 
113 
116 
118 
120 
A2 
B15 
B16 
c 1  
c 3  
E12 
E13 
E15 
E16 
E17 
E19 
E20 
EF1 
EF5 
EF7 
GI6 
GI7 
G18 
GH1 
GH4 
H1 
H3 
Asn 
Thr 
Thr 
Tyr 
Pro 
Val 
Ala 
Leu 
Ile 
Glu 
Ala 
Asn 
Ile 
Ala 
Thr 
Val 
Ala 
Ile 
His 
Ala 
Thr 
Glu 
Ala 
Ile 
Phe 
Thr 
Ala 
Leu 
Ile 
Thr 
Asn 
Ile 
Glu 
Ala 
Ser 
Ala 
Leu 
Val 
Ala 
Leu 
Glu 
Ala 
Lvs 
GlY 
alPl contact 
alpl contact 
a& contact 
a& contact 
(YIP, contact 
a& contact 
(YIP, contact 
128 
128 
131, 104 
97 
112, 116 
119, 115 
30 
TABLE 111 
Comparison of six avian a globin amino  acid sequences 
Data were obtained from the following: 1) Matsuda et al. (1971); 2) 
Richards and Wells (1980); 3) Debouverie (1975); 4) Braunitzer  and 
Oberthur (1979); 5) Oberthur et al. (1980); and 6 )  Oberthur et al. 
(1980). 
Amino acid  differences" 
1) 2) 3) 4) 5) 6 )  
1) Chicken aA 
2) Chicken aE I 15.6 1 \,I 28 I 16 I 17  18 I 
3) Greylag goose i 12.1 j 19.9 f\ f 28 f 30 ! 30 
4) Greylag goose 121.3 11.3 I 19.9 j 3 i 15 j 
5) Barheaded goose L22.0 12.1 i 21.3 j 2.1 ! 16 I 
6 )  Ostrich I 19.9  2.8 I 21.3 I 10.6 i 11.3 
I 
I -22 117 I30 j 31 j 28 I 
a Above  diagonal ine, number  of differences;  below line, percentage 
of differences. 
clones that appear distinct from  previously reported aE cDNA 
clones (Reynaud et al., 1980) and  a report of a peculiar anemic 
duck a-like globin (Paddock and Gaubatz, 1981). It thus seems 
premature to conclude that our aE globin sequence, rather 
than  that previously published, is  the major adult a-like globin 
in  domestic  chickens. 
Is There a Globin Switching in Adult Birds?-We have 
considered the possibility that adult birds may switch aA and 
aE globins under certain physiological conditions. If aE chains 
confer higher intrinsic oxygen affinity on hemoglobin than do 
aA chains, then the net effect of switching  would  be elevated 
peripheral blood  oxygen affinity. Based  on experiments with 
mammals, Eaton et al. (1973) have suggested that "increased, 
rather  than decreased, oxygen affinity is an effective  mode of 
short-term adaptation to markedly reduced environmental 
oxygen pressures." Birds may use such a  strategy  to  adapt  to 
lowered  oxygen tensions and high tissue demand encountered 
during flight. 
Chicken a Globin Switching Might Have a Cellular Mech- 
anism-In a preliminary analysis of the globin  produced by 
chicken  bone  marrow  cells  following phenylhydrazine injec- 
tion,2 we observed that normal adult aA globin  was decreased 
* B. Chapman  and  A. Tobin, unpublished. 
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646 Amino Acid Sequences of HbE Globins 
or undetectable in bone marrow hemolysates from anemic 
chickens. These analyses of chicken globins were carried  out 
by  polyacrylamide gel electrophoresis of hemolysates  under 
denaturing conditions (Rovera  et al., 1978; Tobin  et al,, 1979). 
As expected, peripheral blood hemolysates from anemic  adult 
chickens contained greatly reduced  or  undetectable levels of 
aA globin whenever a* globin was missing from  bone marrow 
hemolysates. The  amount of aD globin (from the minor adult 
chicken HbD) was not depressed by phenylhydrazine  treat- 
ment  but  instead  appeared  to increase, as previously observed 
(Stino  and  Washburn, 1970). However, we found  normal evels 
of an a*-like globin in  peripheral blood from two-  to  three- 
week-old chicks, even when no a* globin was detectable in 
their bone marrow samples. This  anomalous  result  appeared 
to be correlated with the presence of large numbers of circu- 
lating erythroblasts in young chicks (Godet et al., 1970).' 
Although we recognize that  our preliminary results  and  those 
of earlier  workers may be artifactual, we hypothesize that a* 
globin is mainly  synthesized by bone  marrow erythroid cells 
and  that electrophoretically  indistinguishable aE globin may 
be preferentially produced in circulating erythroblasts.  It  is 
possible that aE globin may be  produced during  postembry- 
onic life under conditions of anemia  or hypoxia. Our unpub- 
lished results suggest that if there is a globin switching in 
adult birds, it may  be  accomplished  by substitution of circu- 
lating cell types. 
Regulation of aE Chain  Synthesis  during Ontogeny-Since 
tryptic peptide maps and amino acid compositions suggest 
that the a components of HbA in 18-day embryos are a* 
chains  (Bruns  and  Ingram, 1973; Moss and  Hamilton, 1974), 
aE chains may  be  replaced  by aA chains between the  5th  and 
18th days of chick embryonic  development. If this a globin 
switch  occurs  during  ontogeny and if the cellular mechanism 
discussed above is also used by the embryo, then we have 
some  clues as  to  when  the aE to aA globin switch might occur. 
Three lines of evidence indicate  that a shift from a' to aA 
chain synthesis could occur on  the  14th  day of development. 
Large numbers of erythroblasts and reticulocytes circulate 
until  day 14 of ontogeny, then give way to  mature cells during 
the next 2 days (Bruns and Ingram, 1973; Chapman and 
Tobin, 1979). If embryonic aE chain  synthesis  occurs  in im- 
mature  peripheral blood cells, then  the  amount of aE globin 
may decline along with numbers of these cells. Secondly, 
erythropoiesis is initiated on day 14 in bone marrow (San- 
dreuter, 1951; Godet, 1974). If embryonic a* globin is produced 
by erythroid cells residing in bone marrow, then a* chains 
should  increase  when  bone  marrow  becomes  a major  eryth- 
ropoietic  site. Thirdly,  the  ratio f HbD  to HbA changes  from 
nearly 1.0 at  day 7 to about 0.4 after day 14 (Bruns and 
Ingram, 1973). Since  HbD  and HbA contain  the  same /? chain 
(Vandecasserie et al., 1975), any  change in the  ratio of these 
hemoglobins represents a change in relative  amounts of aD 
and a* chains. The aE globin, however, cannot be distin- 
guished from a* globin, so the  reported  HbD  to  HbA  ratio 
thus reflects the aD/aE globin chain ratio until a* globin 
replaces aE globin. Stabilization after  day 14 of the a chain 
ratio  may  indicate a  switch from aE to aA chain  synthesis a t  
day 14. 
Possible  Role for E and  aE Globins  in Chick Developrnent- 
We have proposed that hemoglobin  switching  provides  a way 
for vertebrate  embryos  to  adjust  their blood oxygen affinity 
to meet changing physiological conditions during develop- 
ment. In the chick embryo, a graded decrease in oxygen- 
carrying  capacity seems  to  be achieved  by sequential  substi- 
tution of a-like globin chains having  decreasing  intrinsic oxy- 
gen binding affinities. The highly conserved structure of the 
x and { chains of mammalian embryos suggests that  these 
major  early embryonic a-like  chains play a similar physiolog- 
ical role at the beginning of development (Melderis et al., 
1974; Jelkmann  and  Bauer, 1978). It has been  suggested that 
elevated oxygen affinity is useful to  the rapidly  metabolizing 
early  embryo in its relatively  anoxic environment  and  that  the 
major  early hemoglobins may  be specially adapted for  func- 
tioning  in the nucleated primary  erythroblast  (Jelkmann  and 
Bauer, 1978). 
The early embryonic chicken /?-like chains, on the other 
hand, appear to function essentially as substitutes for late 
embryonic /? chains  until  they  appear, differing from  the /3 
chains with respect to amounts produced and duration of 
synthesis. In  the chicken and also  in rabbits, mice, pigs, and 
humans,  there  are two  kinds of early embryonic ,&like chains: 
a minor one  that  forms  minor hemoglobins  with adult-type a 
chains  and a major one that combines with  the divergent early 
a-like chains (Steinheider et al., 1972; Fantoni et al., 1967; 
Steer  and  Braunitzer, 1980; Gale et al., 1979). These  mammals 
differ from the chicken  during the middle and  late embryonic 
periods, however,  in that  their  strategy for maintaining ele- 
vated oxygen affinity depends  on  the  properties of the ,L?-like 
y chain,  rather  than  on switching a-like globins. 
Although both major and minor early hemoglobins are 
replaced at  the end of the fist developmental period  by  a new 
set of hemoglobins  in the chick embryo, aD and, presumably, 
a' globins persist as  the  a-like  chains in the  major hemoglo- 
bins of the next developmental period. Similarly, a and y 
chains of mice, rabbits,  and  humans  are initially present  in 
minor  early embryonic  hemoglobins, then  later  are found  in 
major hemoglobins (Fantoni  et al., 1967; Steinheider et al., 
1972; Gale et al., 1979). Some evolutionary advantages  accrue 
to  systems organized in  this way. At  the  time of globin gene 
switching, no more  than  one new major globin gene  need be 
turned on. Also, the evolutionary process by which a- to-/? 
chain  ratios  are balanced must  act only on one locus at  a time. 
The complexity of early  embryonic  hemoglobin  switching 
seems  to reflect the  interplay of at  least two factors.  One is 
evolutionary  selection for specific hemoglobin  function during 
embryogenesis. Another is the genetic  mechanism by which 
expression of multigene family members is regulated (Hood  et 
al., 1975). 
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Table I. T r y p t i c  pept ide  compositions of the E g lob in  from HbE a 
T-1 T-3 T-5 1 - 7  T-9 T-10 T-12 T-13 1-16 T-15 
1-8 18-M 41-59 62-65 67-76 77-82 88-95 96-104 IDS-120 121-112 
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